A fiber/solid-state hybrid seeded regenerative amplifier capable of achieving high output energy with tunable pulse widths has been developed for satellite laser ranging applications. The regenerative amplifier cavity utilizes a pair of Nd: YAG zigzag slabs oriented orthogonally to one another in order to symmetrize thermal lensing effects and simplify optical correction schemes. The seed laser used is a fiber-coupled 1064 nm narrowband (<0.02 nm) diode laser which is intensity modulated by a fiber Mach-Zender electrooptic modulator, enabling continuously tunable seed pulse widths in the 0.2 -2.0 ns range. The seed laser pulse energy entering the regenerative amplifier cavity is ~10 pJ, and is amplified to ~1.6 mJ after 37 round trips, representing a gain of ~82 dB. When seeded with 200 ps pulses at a 2 kHz repetition rate, the regenerative amplifier produces >2 W of frequency-doubled output (>1 mJ/pulse at 532 nm).
INTRODUCTION
Satellite Laser Ranging (SLR) utilizes a global network of ground-based installations measuring the instantaneous round-trip time-of-flight of ultrashort laser pulses to retroreflector-equipped satellites. This method yields range measurements with millimeter-level precision, enabling accurate determination of Earth satellite orbits as well as a host of important science products [1] . Modern SLR techniques involve Currently, the SLR installation at NASA Goddard Space Flight Center (GSFC) employs laser transmitters with kHz repetition rates, short temporal pulse widths (~300-400 ps), and output energies of a few hundred uJ/pulse at 532 nm. To range high Earth orbit (HEO) satellites, however, the output energy must be increased to the mJ level while maintaining a multi-kHz repetition rate; in addition, the pulse width should be reduced to 100-200 ps to improve ranging accuracy.
The selection of lasers available that can produce temporal pulse widths of a few hundreds of ps is rather limited. Microchip lasers are typically good sources of uJ-level pulse energy, and, when used in a master oscillator/power amplifier (MOPA) configuration, can achieve mJ-level pulse energies in a compact package. However, it is difficult to find microchip lasers with temporal widths <300 ps commercially. Modelocked systems can easily achieve pulses in the hundreds of ps range, but are typically large, complex, and expensive. Finally, gain-switched laser diodes have been successfully used to produce pulse widths as low as a few ps with repetition rates >10 kHz and long operational lifetimes, but are limited to very low energy (<1 nJ) outputs. Thus, for diodes to be viable laser sources for SLR, a means of amplification spanning many orders of magnitude must be employed.
Regenerative amplifiers are particularly well-suited for such high-gain applications, having experimentally demonstrated gains as high as 100 dB [2] . Such high gains are realized through utilization of electro-optic switching techniques that allow input seed signals to make tens to hundreds of passes through a gain medium. Thus, unlike a conventional MOPA arrangement, enormous signal amplification can be achieved even with a modest gain per pass. Regenerative amplifiers are also readily capable of high operational repetition rates with good beam quality.
LASER DEVELOPMENT

Regenerative Amplifier Setup
The layout of the seeded regenerative amplifier system is shown in Fig. 1 . The regenerative amplifier cavity (top portion of figure) is 1.5 m long and constructed in a linear stable cavity configuration. Folding mirrors are utilized so that the entire optical system fits on a single 1' x 2' breadboard. Mirror curvatures are selected such that the cavity mode sizes are ~1.0 mm ( Fig. 2 (a) ) and ~2.0 mm at the rightmost (next to quarter-wave plate) and opposite end mirrors, respectively.
The amplifier pump head consisted of a pair of Brewster-cut, 6-bounce zigzag slabs with a 2.1 mm thickness, 5 mm width, and 23.7 mm tip-to-tip length. The slabs are oriented 90° relative to each other in the amplifier head; this arrangement tends to symmetrize thermal lensing effects and makes optical corrections simpler [3] . Each slab was pumped by a single 200 W 808 nm diode bar placed ~1 mm from the slab input face, and appropriately HR-coated to allow double-passing of the pump light. In this configuration, the average pump beam distribution in the slabs had a 1-D Gaussian shape with a ~1.1 mm 1/e 2 width (Fig. 2 (b) ) to match the estimated cavity mode size. A half-wave plate between the slabs reduced losses from Fresnel reflections. The seed pu turning mirro the seed pu rise/fall time the cavity by the isolator directed thro
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